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Abstract 
The purpose of the present study was to develop a methodology for performance assessment of false start detection 
devices. Therefore, a four step project was initiated to develop a testing protocol which can be used for the evaluation 
and certification of these devices. A database of push-off force characteristics of athletes from a wide range of 
performance levels was created by analyzing 438 starting performances of 101 athletes, including the currently two 
fastest men in the world. A custom-made 3D force start block was developed for this purpose to precisely analyze the 
forces applied to the front and the rear block of the starting device. From the database, four force patterns were 
identified using cluster analysis techniques. Subsequently, a pneumatically driven machine was developed, that is 
capable to reproduce these force patterns with a low measurement error and high repeatability. Initial testing of false 
start apparatus highlights the need for further improvements of the systems, but also the need for further 
methodological improvements, especially with respect to the criterion that is used to detect the reaction time from a 
given sensor waveform. 
© 2013 Published by Elsevier Ltd. Selection and peer-review under responsibility of RMIT University 
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1. Introduction 
The current false start rule for athletic track events (applied since January 2010) requires 
disqualification of an athlete for a false start. In major national and international sprint competitions, the 
starting blocks are usually linked to an IAAF approved false start control apparatus, whereas a reaction 
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time shorter than 100 ms is judged as a false start (IAAF competition rule 161.2, [1]). False start control 
devices are provided by different manufactures and are utilizing different types of sensor technology to 
determine reaction times. Sensor types include force transducers, acceleration transducers or force 
dependent closure switches. Further, a detailed instruction of how the reaction event has to be determined 
from the respective sensor waveform is missing in the IAAF rules. Therefore, inter system variability in 
reaction time detection can be expected, but has never been tested until now. Against this background, a 
biomechanical project was initiated with the goal to develop a methodology for the evaluation of the 
validity of current reaction time devices. 
The entire project was subdivided into four main steps: 
 Development of a custom made starting block and corresponding software for the measurement of 3D 
forces in the front and rear blocks during a sprint start 
 Measurement of push off forces from real athletes from a wide range of performance levels 
 Compiling of performance level specific force patterns 
 Reliability and validity testing of current false start systems using a custom  made start simulation 
 
2. Methods 
2.1 Force start block development  
A non stationary, custom made Force Start Block (FST) has been developed by  mechanical engineers 
of the mechanical developmental workshop at the Institute of Biomechanics and Orthopaedics. The FST 
consist of a very stiff steel base unit and separate block units for the front and the rear blocks. To allow 
for an adjustment of the inclination angle of the push off area with respect to the ground, separate block 
units were manufactured for angles of 50°, 57°, 65° and 73°. Each block unit is attached to the base unit 
by means of two steel screws. A small, custom  made, piezo type force platform is mounted on top of 
each base unit (see Fig. 1). Four piezo type force transducers (type 9601A31, Kistler Instrumente AG, 
Winterthur, Switzerland) were arranged in the same way as in commercially available force platforms. 
The precision of the force units were determined using a material testing device (Zwick Z020, Zwick 
GmbH & Co. KG, Ulm Germany). Low measurement errors (< 0.5%), high linearity and low cross talk 
values could be identified from this testing. Electrical charge signals of the force transducers were 
amplified and converted to voltage signals using two eight channel charge amplifiers (type 9865, Kistler 
Instrumente AG, Winterthur, Switzerland). Signals were AD converted (16 bit), sampled at a frequency 
of 10 kHz and stored on a commercially available laptop computer with custom made Labview software 
(Labview 2011, National Instruments, Austin, Texas, USA). Starting commands, including the starting 
signal were provided by the software by means of two loudspeakers, placed immediately behind the FST. 
A microphone was used to capture audio data synchronously to the force data in order to provide a 
precise measure of the onset of the starting signal. Three dimensional force signals were transformed to a 
global coordinate system (anterio  posterior direction = running direction, medio  lateral direction = 
pointing to the left, vertical direction = perpendicular to the ground) in order to compensate for different 
orientations of the force units at different inclination angles (see above). Force signals were filtered using 
a 4th order recursive digital Butterworth filter (cut off frequency: 100 Hz). 
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Fig. 1. Force Start Block. Top: Entire experimental setup to determine push off forces of human sprinters including FST, 8
channel Kistler amplifiers, AD board, loudspeakers and notebook for data collection. Bottom left and right: Schematic drawing of 
one block unit including force measuring unit viewed from the sagittal and frontal plane, respectively.
2.2 Push off force database
In order to simulate realistic push off forces with the starting robot in the final step of the project, a
database was created incorporating start performances of 101 male and female sprinters. Sprinters were
mostly (n = 90) recruited from all over Germany and ranged from regional to the top national level. Data
collection took place during several test sessions in Cologne, Leverkusen and Mannheim, Germany. Due 
to the fact that German sprinters are not representing world class level sprinting in the moment, eleven
sprinters from the Racers Track and Field Club from Kingston, Jamaica, including the 2012 Olympic
champion and silver medal winner of the 100 m race were analyzed at their home track. Each athlete
performed between 3 and 5 full effort starts over a distance of 20 m. In total, 438 starts were analyzed.
2.3 Performance specific push off force patterns
Cluster analysis techniques were used to extract force patterns from the push off force database. The
following parameters have been extracted from the filtered force curves both from the front and the rear 
block and were subsequently used in the cluster analysis:
Push time
Maximum rate of force development of the resultant force
Maximum resultant block force
Impulse of the resultant block force
In the cluster analysis, squared Euclidean distances were used to determine the distance between
individual feature vectors. From this distance matrix, clusters were created using the Ward algorithm.
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2.4 Reliability and validity testing of current false start systems 
A custom order to allow for repeated testing of 
different false start systems with the same push off force pattern. The robot consists of two electronically 
regulated, pneumatic force actuators (VPPM, Festo AG & Co. KG, Esslingen, Germany; see Fig. 2). Both 
actuators posses five degrees of freedom to apply forces at a wide range of angles of attack.  
 
 
Fig. 2. Start robot including the Force Start Block for calibration purposes. The starting blocks under investigation were mounted on 
a regular 1 cm thick Mondo tartan surface to create mounting conditions similar to typical competitions. 
The robot was adjusted to replicate representative force patterns of the four force patterns identified in 
the third step of the project for both the front and the rear block. A focus was put upon the initial phase of 
force production, since this time frame is most important for reaction time detection. There is no advice in 
the rules on how to determine the reaction event from a given sensor waveform. Therefore, in this study, a 
threshold method using a value of 10% of the maximum resultant force above the baseline in the set 
position was used. Since false start apparatus of different manufactures needed to be tested at separate 
days, day to day reliabilities for both reaction time measurements and the reproduction of force curves 
were tested. 
The basic performance criterion for the evaluation of the reaction time device is the deviation from the 
reaction time determined with the 10% threshold method. Still, only the variability of this difference and 
comparisons of central differences between systems can be used, since there has not been established a 
reference method for reaction time detection yet. 
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Fig. 3. Example results of the testing of one system. The dotted line indicates the reaction time value that would have been expected 
based on the 10% of the max. Tests were performed at theoretical reaction times ranging from 70 ms to 130 ms.
3. Results
Cluster analysis revealed four different patterns inside the dataset. Patterns 1 to 4 showed a systematic
reduction in push off times and an increase in maximum forces as well as rates of force development
(see Fig. 3). Accordingly, average 100 m personal record times of the athletes representing the clusters
showed an decreasing trend from pattern 1 to 4 (P1: 12.50 ± 0.64 s; P2: 11.59 ± 0.75 s; P3: 11.27 ± 0.48
s; P4: 10.03 ± 0.33 s).
Fig. 4. Force patterns identified from the push  off force database. Grey lines: Measured force curves of real athletes. Dotted line: 
Mean curve of real athletes. Solid line: Force pattern reproduced by the start robot.
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Day to day reliability of resulting reaction times and force pattern replication of the start robot showed 
high values (r > 0.99). The start robot was able to reproduce reaction times with a measurement error of ± 
2.7 ms. Maximum resultant forces were replicated with an accuracy of ± 40 N. Fig. 5 displays results of 
the testing of four different systems at force pattern 1. It is obvious that systems are showing offsets 
between their results, especially between system 1 and 2. Further, differences in variability can be 
observed, which identify reliability problems of systems with a higher spread in their results. 
 
 
Fig. 5. Results of one testing of four reaction time devices with force pattern 1. Each dot represents the deviation of the predicted 
reaction time (see Fig. 3) during one simulated start of the respective system. 
4. Discussion 
The purpose of the present project was to develop a methodology to test the performance of current 
false start testing devices. Testing should occur under realistic conditions, using push off forces of 
athletes from different performance levels. The results of initial testing of different systems indicate that 
systems are differing considerably in performance, which highlights the importance of further testing in 
this area, but also the need for further improvement of the false start detection devices. From a 
methodological viewpoint it seems necessary to develop a reference criterion for reaction time 
determination in future studies. In the absence of such a criterion there is no target for manufacturers to 
which they can optimize their systems. Visual information from high speed video cameras could be used 
as a reference, since optical information is the main source of information used by starting personal, 
especially in the absence of false start detection devices. 
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